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METHOD FOR EMHANf TWG THR rOT.r>p 
OF MINER ALS USEFTTT. AS GEMfiTOg gfl 



FIELD OF THR INVKNTTOM 

The present invention relates to methods for 
enhancing the color of gemstones and to novel colored 
5 gemstones produced by invention methods. 

BACKGR OUND OF THE INVRNTTDW 

A variety of materials having the physical and 
10 aesthetic properties desirable for use as gemstones are 
widely available. However, many of these materials but do 
not always have an aesthetically pleasing appearance. A 
variety of procedures have been employed in the art to 
improve the physical and/or aesthetic properties of 
15 minerals, e.g., electron beam irradiation, Cobalt-60 
irradiation, neutron bombardment, exposure to intense heat, 
and the like. 

Each of the above -described prior art methods 
20 suffer from significant drawbacks in terms of cost, safety, 
efficacy, and the like. For example, Carr, et al.,in U.S. 
Pat. No. 3,950,596, describe methods for coloring corundum 
crystals by heating them to temperatures of 1600 °C or 
higher while in contact with a powder composed primarily of 
25 alumina, with added metal oxides as colorants. However, 
even at such high temperatures (where furnace time is 
expensive) the Carr method requires from 20 to 200 hours. 
If the temperature were reduced even to 1350 °C (well above 
temperatures employed in the present invention) general 
30 chemical principles would predict that the reaction would 
take years to run. Furthermore metals such as cobalt, that 
melt at such high temperatures, cannot be used as 
colorants . 
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Other methods are used for coloring non- gems tone 
alumina. For example, in U.S. Pat. No. 4,732,867, Schnable 
describes methods for implanting ions such as cobalt in 
5 order to make identifying marks in alumina chips. However, 
as recognized by Schnable, the method is not particularly 
effective for providing lasting color. Furthermore the 
colors achieved by ion implantation are not very vivid 
depite the sophisticated and expensive-to-operate machinery 
10 required. 

Therefore, it would be desirable to be able to 
readily impart enhanced and/or modified color to materials 
useful as gemstones employing readily practiced methods 
15 which do not suffer from the drawbacks of prior art 
methods . 

BRIEF DESCRIPTION OF THE INVENTION 

20 In accordance with the present invention, methods 

have been developed for enhancing the color of minerals 
useful as gemstones, by heating them to moderate 
temperatures while in contact with powdered cobalt or 
cobalt oxide (or precursors thereof) and in the absence of 

25 alumina. Given the length of time required for prior art 
methods to take place at much higher temperatures (such as 
that of Carr, above), under generally recognized chemical 
principles, one would not expect invention methods to work 
during the average human lifetime at the moderate 

30 temperatures contemplated herein. As shown herein, however, 
invention methods are useful for enhancing the color of 
minerals while unexpectedly employing substantially lower 
temperatures, and for substantially shorter times, than 
predicted by the prior art. Invention methods are 

35 relatively inexpensive to carry out, avoid the use of 
hazardous materials and require no specialized equipment. 
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DETAILED DKfiPRTPT IQN OF TffR INVENTTOTJ 

In accordance with the present invention, there 
are provided methods for enhancing the color of gemstones, 
5 said methods comprising: 

subjecting a combination of a gemstone and at 
least one non-alumina treating agent, wherein said treating 
agent comprises a powdered (i.e., finely divided) form of 
cobalt metal or cobalt oxide (or precursor thereof) to 
10 conditions suitable to enhance the color of said gemstone, 
without causing a significant level of surface damage to 
said gemstone. 

A wide variety of minerals can be treated 
15 according to the present invention. Examples of suitable 
minerals contemplated for use herein (thereby rendering 
them useful as gemstones) include topaz, chrysoberyl, 
sapphire, quartz, garnet, and the like. As used herein, 
"gemstone" refers to transparent ( non- opaque ) , single 
20 crystal minerals useful both as gemstones and/or in optical 
applications . 

A wide variety of metals can be employed in 
combination with the cobalt metal or cobalt oxide (or 
25 precursors thereof) as the major component of treating 
agent used in the invention process. Examples of suitable 
metals include transition metals, as well as other metals 
which can modify the color imparted by the treating agent 
and/or the mineral being treated. 

30 

A wide variety of metal oxides can also be 
employed in combination with the cobalt metal or cobalt 
oxide (or precursors thereof) as the major component of 
treating agent used in the invention process, optionally 
35 in further combination with a plurality of the metals set 
forth hereinabove. Examples of suitable metal oxides 
include transition metal oxides, as well as other metal 
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oxides which can modify the color imparted by the treating 
agent and/or the mineral being treated . 

Metals and metal oxides contemplated for use in 
5 invention methods are preferably employed in a powdered 
(i.e. finely divided) form in order to maximize contact 
between the gemstone and the treating agent. As is readily 
understood by those skilled in the art, a range of particle 
sizes is suitable for the powdered, or finely divided 
10 treating agent. Particles that will pass through the 
openings of a standard screen of mesh size up to about 400 
are contemplated within the present invention. Preferred 
particles are of a size that will pass through a standard 
screen of up to about 200 mesh. 

As used herein, the term "enhance" and any 
variations thereof, refer to an increase or modification in 
the color of minerals treated by invention methods, thereby 
rendering the mineral more valuable as a gemstone. 

20 Enhanced colors which can be imparted by the invention 
process can be varied based on such variables as the 
particular gemstone being treated, the particular treating 
agent (s) employed, the conditions to which the gemstones 
are subjected, and the like. For example, topaz can be 

25 modified to have a light blue to dark blue color, or a 
light green to dark green color, or a light blue-green to 
dark blue-green color, or a light green-blue to dark green- 
blue color, depending on the treating agent (s) and treating 
conditions employed. Similarly, chrysoberyl can be 

30 modified to have a light green to a deep blue-green color; 
sapphire can be modified to have a light blue to a dark 
blue color (if clear stones are used for treatment) or 
green, yellow-green or blue-green stones can be produced if 
the untreated stones are yellow; quartz can be modified to 

35 have a light pink to a dark pink color; garnet can be 
modified to have a green to a blue-green color; and the 
like. 
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A wide range of treating conditions can be 
employed in the practice of the present invention. 
Typically conditions suitable to enhance the color of a 
5 gems tone, without causing a significant level of surface 
damage thereto, comprise subjecting the combination of 
gemstone and at least one powdered (i.e., finely divided) 
form of cobalt metal or cobalt oxide (or precursors 
thereof) to a temperature in the range of about 825°C up to 
10 about 1050°C for a time in the range of about 3 up to about 
200 hours. Typically such contacting is carried out at 
ambient pressure. 

Generally, longer exposure times and/or higher 
15 exposure temperatures lead to a greater intensity of color 
being imparted to the mineral being treated, as well as 
impacting the degree of color saturation achieved by the 
process. As readily recognized by those of skill in the 
art, higher treating teirperatures are also possible (i.e., 
20 >1050°C) . Such temperatures are likely, however, to cause 
significant damage to the surface of the mineral being 
treated, while also providing higher color saturation. The 
resulting treated gemstone could be polished to remove the 
surface damage, thereby providing a color- enhanced gemstone 
25 with a satisfactory surface finish. 

As will be readily appreciated by those of skill 
in the art, any method which causes significant surface 
damage to minerals, thereby requiring additional processing 

30 prior to use of the mineral as a gemstone, will inherently 
decrease the effective value of minerals so treated. 
Invention methods are advantageous in that no significant 
surface damage results to minerals so treated. As will be 
understood by those skilled in the art, a modest amount of 

35 surface imperfection may occur, however, it can be 
corrected by minimal additional treatment, such as cleaning 
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and/or polishing. m a preferred embodiment, minerals 
treated by invention methods will require no further 
polishing in order to be suitable as gemstones. 

5 As readily recognized by those of skill in the 

art, the particular temperature ranges and exposure times 
will not only vary as a function of the intensity and/or 
level of color saturation desired, in adition, the ability 
of a given mineral to withstand such exposures without 
10 suffering significant fracturing must also be considered. 
•Thus, for example, quartz would not typically be subjected 
to conditions as rigorous as topaz. 

In a particular aspect of the invention, the 
15 gemstone to be treated can optionally be contacted with a 
variety of pre-treating agents (e.g., oxygen, reducing 
agents, and the like) before being subjected to the above- 
described conditions suitable to enhance the color of a 
gemstone . 

20 

Alternatively, or in combination with the above- 
described gemstone pretreatment, the gemstone can 
optionally be contacted with a variety of supplemental 
treating agents (e.g., oxygen, reducing agents, and the 
25 like) while being subjected to the above-described 
conditions suitable to enhance the color of a gemstone. As 
will be understood by those of skill in the art, the type 
of treating agent used will depend on the mineral being 
treated and the desired end result. 

30 

An optional additional treatment contemplated for 
use herein comprises subjecting the treated gemstone to 
further heating at a temperature in the range of about 
825°C up to about 1050°C for an additional length of time in 
35 the range of about 3 up to about 200 hours in the absence 
of treating agent (i.e., powdered cobalt metal or cobalt 
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oxide (or its precursors)). Typically such optional 
additional heat treatment is carried out at ambient 
pressure. Surprisingly and unexpectedly, such additional 
heat treatment results in further enhancement of color, 
5 even though the gemstone is no longer exposed to the 
treating agent. 

While gemstones can be used in the invention 
treating process without any special pretreatment, it is 

10 presently preferred that gemstones employed in the practice 
of the invention be cleaned prior to being subjected to 
said conditions suitable to enhance the color thereof. 
Suitable cleaning processes are well known to those of 
skill in the art, and include washing in water, aqueous 

15 acid, organic media, and the like. 

Gemstones treated according to the present 
invention can be used directly, or they can be subjected to 
further treatment and/or washing conditions. it is 

20 presently preferred that the treated gemstone be cleaned 
after being subjected to said conditions suitable to 
enhance the color of a gemstone. Such cleaning can be 
accomplished in a variety of ways, e.g., by washing the 
treated gemstones with aqueous media or with organic 

25 solvents (e.g., acetone), by wiping the gemstones with a 
soft cloth (e.g., a polishing cloth), and the like. 

In accordance with another embodiment of the 
present invention, there are provided color enhanced 
30 gemstones having a color enhancing agent diffused into the 
outer surface thereof. Color enhancing agents contemplated 
include the treating agents described hereinabove. 

In accordance with yet another embodiment of the 
35 present invention, there are provided color enhanced 
gemstones wherein at least the surface of said gemstone has 
chemically bonded thereto a color enhancing agent. Color 



WO 98/48944 



PCT/US98/08232 



8 

enhancing agents contemplated include the treating agents 
described hereinabove. 

The invention will now be described in greater 
5 detail by reference to the following non- limiting examples. 

Example l 
Optional Cleaning Process 

10 Ifc is presently preferred that gemstones treated 

in accordance with the present invention be cleaned as 
follows. First the stones are treated in gently boiling 
distilled water containing a small amount of detergent for 
at least about 12 hours. Once cooled, the stones are then 

15 washed with distilled water until all traces of detergent 
are removed. 

The stones are then soaked at room tenperature 
(or above) in a 1:1 aqueous dilution of concentrated nitric 
20 acid for about two hours, or more. The stones are then 
rinsed thoroughly with distilled water. The stones are 
then rinsed with acetone, then rinsed again with distilled 
water, and dried. 

Example 2 

25 General Treatment- Protocol 

To achieve color enhancement according to the 
invention, gemstones are placed in a suitable vessel which 
can withstand the exposure temperatures contemplated for 

30 use (e.g., a flat ceramic sheet, a crucible, and the like) 
and completely surrounded by the treating agent (s) of 
choice. The vessel is then placed in a furnace capable of 
reaching and accurately maintaining temperatures in the 
range of about 825 up to about 1800°C. The furnace is then 

35 heated to the desired temperature and maintained at that 
temperature for the desired length of time. Once the 
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desired time and temperature requirements have been 
satisfied, the furnace is cooled down and the vessel 
containing the gemstones is removed therefrom, 

5 After the treated gemstones have cooled, they are 

separated from the treating agent. In many instances, the 
treated stones need only be wiped clean with a soft cloth 
or tissue. In some circumstances (e.g., where the stones 
are subjected to particularly rigorous treating conditions 
10 or where relatively soft stones are treated) , it may be 
desirable to subject the stone to a nitric acid bath to 
clean the surface of the stone. When such treatment is 
indicated, concentrated nitric acid solutions or various 
dilutions thereof can be used. 

15 

Example 3 
Treatment of Topaz 

Topaz can be treated with powdered cobalt metal 
20 or cobalt oxide (or its precursors) to achieve a variety of 
enhanced colors. For example, treatment at 825°C for about 
24 hours results in very light blue stones. Treatment at 
higher temperature (e.g., 1046°C) for about 24 hours 
results in much darker blue or blue-green stones. Thus, it 
25 is seen that the final color of the treated stone can be 
controlled by proper selection of treating conditions. 

Once topaz is treated with powdered cobalt metal 
or cobalt oxide (or its precursors) as described above to 
30 achieve a green-blue or blue-green stone, the color 
imparted to the stone can be further modified by subjecting 
the stones to additional furnace heating as described 
above, but in the absence of treating agent. In this way, 
the color of the stone can be shifted to blue. 
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Example 4 
Treatment of ChrvRohgi-yi 

Chrysoberyl is subjected to the same process as 
5 described in Example 3. Since the most common color for 
chrysoberyl is light yellow, the color of the treated stone 
tends to be yellow-green to blue-green, depending upon the 
time and temperature of exposure. if a colorless 
chrysoberyl is used in the process, the enhanced color 
10 imparted by treatment with powdered cobalt metal or cobalt 
oxide (or its precursors) is blue. 

Example 5 
Treatment nf - Sapphire 

15 

Sapphire is subjected to the same process as 
described in Example 3. Care should be taken in selecting 
the temperature to which the stones are heated, as 
sapphires tend to develop surface damage when subjected to 
20 excessive temperatures. In the event surface damage does 
occur, the treated stones can be repolished, producing an 
intensely colored finished product. 

The color of the treated stone can vary 
25 substantially. For example, a colorless sapphire produces 
a light blue to dark blue treated stone, depending upon the 
original color of the sapphire. A yellow saphire will 
produce a green, yellow-green to blue-green stone, 
depending upon the time and temperature of exposure. If a 
30 colorless chrysoberyl is used in the process, the enhanced 
color imparted by treatment with powdered cobalt metal or 
cobalt oxide (or precursors thereof) is blue. 
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Example 6 
Treatment nf miarf » 

Quartz is subjected to the same process as 
5 described in Example 3. Care should be taken in selecting 
the temperature to which the stones are heated, as quartz 
tends to develop surface damage when subjected to excessive 
temperatures, in the event surface damage does occur, the 
treated stones can be repolished, producing a smooth, 
10 colored finished product. 

The color of the treated stone can vary 
substantially, with the invention process typically 
producing stones which are light to dark pink. 

15 

Example 7 
Treatment nf gam^ 

Garnet is subjected to the same process as 
20 described in Example 3. The color of the treated stone can 
vary substantially, with the invention process typically 
producing stones which are green to blue-green when light 
yellow grossular garnet is used. 

25 mile the invention has been described in detail 

with reference to certain preferred embodiments thereof, it 
will be understood that modifications and variations are 
within the spirit and scope of that which is described and 
claimed. 
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That which is claimed is: 

1. A method for enhancing the color of 
gemstones, said method comprising: 

subjecting a combination of a gemstone and at 
least one non-alumina treating agent, wherein said treating 
5 agent comprises a finely divided form of cobalt or cobalt 
oxide to conditions suitable to enhance the color of said 
gemstone, without causing a significant level of surface 
damage to said gemstone. 

2. A method according to claim l wherein said 
gemstone is selected from topaz, chrysoberyl, sapphire, 
quartz or garnet. 

3. A method according to claim l wherein said 
treating agent is cobalt. 

4. A method according to claim 1 wherein said 
treating agent is cobalt oxide. 

5. A method according to claim l wherein said 
gemstone is cleaned prior to being subjected to said 
conditions suitable to enhance the color of said gemstone. 

6. A method according to claim l wherein said 
conditions suitable to enhance the color of said gemstone 
comprise subjecting said combination to a temperature in 
the range of about 825°C up to about 1050°C, for a time in 

5 the range of about 3 up to about 200 hours. 

7. A method according to claim l further 
comprising subjecting said gemstone to a temperature in the 
range of about 825°C up to about 1050°C for a length of time 
in the range of about 3 up to about 200 hours in the 

5 absence of said treating agent. 
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8. A method according to claim 1 wherein said 
gemstone is cleaned after being subjected to said 
conditions suitable to enhance the color of said gemstone. 

9. A color enhanced gemstone prepared by the 
method of claim 1. 



10. A color enhanced gemstone comprising a 
gemstone having a color enhancing agent diffused into the 
outer surface thereof. 



11. A color enhanced gemstone comprising a 
gemstone wherein at least the surface thereof has 
chemically bonded thereto a color enhancing agent. 
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